The reactions of the chlorido-bridged complexes [Cp*M(Cl)(µ-Cl)] 2 (M = Rh, Ir) with Schiff bases (P-N-O) from 2-(diphenylphosphino)benzaldehyde and α-amino acid esters afford the complexes Cp*M(Cl) 2 (P-N-O) in which the ligands function as monodentate P donors (M = Ir) or as bidentate P-N donors (M = Rh). These complexes can be converted into cationic complexes [Cp*M(Cl)(P-N-O)] + with bidentate P-N ligands by treatment with NH 4 PF 6 . The cationic complexes [Cp*M(Cl)(P-N-O)] + Cl − have been detected also in solutions of Cp*M(Cl) 2 (P-N-O). The P-N-coordinated complex [Cp*Rh(Cl)(Ph 2 P-C 6 H 4 -C(H)=N-C(H)(CH 2 Ph)CO 2 Me)] + PF 6 − was characterized by X-ray diffraction. From Cp*M(Cl) 2 (P-N-O) and AgBF 4 or AgPF 6 (molar ratio 1 : 2) the dicationic complexes [Cp*M(P-N-O)] 2+ are formed in which the ester group is also coordinated to the metal atom. The Schiff base from 2-(diphenylphosphino)benzaldehyde and allylglycine ester acts as a tridentate ligand, however with coordination of the C=C allyl group instead of the ester function.
Introduction
Schiff bases from 2-(diphenylphosphino)benzaldehydes [2 -4] and amines are valuable ligands [5] . Their complexes derived from optically active amines have been used for asymmetric reactions and catalyses [5] . Recently, we have reported on a series of palladium(II) and platinum(II) complexes with Schiff bases from (2-formylphenyl)diphenylphosphine and α-amino acid esters [1] . Brunner and coworkers [6] have used a P-N ligand obtained from 2-(diphenylphosphino)benzaldehyde and tert-butyltert-leucinate for asymmetric catalysis, and several Schiff bases from 2-(diphenylphosphino)benzaldehyde and dipeptide amides have been employed as ligands for asymmetric conjugate addition of allyl zinc reagents [7] .
Results and Discussion
The racemic Schiff bases from 2-(diphenylphosphino)benzaldehyde and α-amino acid esters react as 0932-0776 / 10 / 0600-0679 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com many other N and P donors [8] with the chloridobridged complexes Cp*(Cl)M(µ-Cl) 2 M(Cl)Cp* (M = Rh, Ir) [9, 10] under cleavage of the Cl bridges to give the complexes 1 -10 (Scheme 1). The complexes 3 -10 form isomers in solution (see below). The neutral compounds 1 -5, 9 and 10 are converted into the cationic complexes 11 -17 by treatment with NH 4 PF 6 . Abstraction of all chlorido ligands in 1, 3 -6, 10 and 16 -using AgBF 4 -affords the dicationic complexes 18 -24, whereby in 18 -22 coordination of the ester group takes place whereas in the C-allylglycinecontaining complexes 23 and 24 the C=C double bond is coordinated to the metal atom (Scheme 1). The preference of the "soft" C=C bond over the "hard" ester group in coordination is in accordance with Maitlis [9] description of [Cp*ML 3 ] 2+ complexes (L = acetone, MeCN, py, . . . ) as "soft centers with hard shells". The complexes 23 and 24 can be compared with [Cp*Ir(NH 2 C(H)(CH 2 CH=CH 2 )CO 2 )] + in which allylglycinate functions as a tridentate ligand [11] . Halfsandwich complexes -similar to 11 -17 -have been Scheme 1. obtained with bidentate Schiff bases from salicylaldehyde and α-amino acid esters [12] . The complexes 11 -24 are Brunner-type compounds [13] with four different ligands and with an "asymmetric" metal atom. Therefore, with α-amino acid esters (except glycine) two diastereomers (as pairs of enantiomers S M S C /R M R C and S M R C /R M S C ) are formed which could be detected in the NMR spectra particularly by their 31 P NMR signals. For 24 one diastereoisomer could be separated by repeated extraction of the product with dichloromethane. In the C-allylglycine derivatives 23 and 24 three stereogenic centers (metal atom, α-C, γ-C) are formed by coordination; of the four possible diastereoisomers only two could be detected by NMR spectroscopy, as was also found for the allylglycinate complex [Cp*Ir(NH 2 C(H)(CH 2 -CH=CH 2 )CO 2 )] + [11] .
In the IR spectra of 18 -22 the CO absorption of the coordinated ester group is typically shifted by 64 -111 cm −1 to lower frequencies [14] compared to that in 1 -17 with free ester groups. The almost unchanged CO absorption and the shift of the band of the C=C bonds by 135 cm −1 to lower frequencies show in accordance with the NMR spetra that in 23 and 24 the allyl group is preferred for coordination. The ν(M-Cl) absorption in 1 -17 appears at 260 -300 cm −1 , and 11 -24 exhibit the absorption of the BF 4 − (1050 cm −1 ) or the PF 6 − anion (840 cm −1 ).
Particularly the 31 P NMR spectra (Tables 1 -2 ) proved to be very useful for the identification of the type of complexes and their isomers. The iridium complexes 2, 4, 6, 8, and 10 exhibit an intense 31 P NMR signal (Table 1 ) at δ = 4 (in CDCl 3 solution) which we assign to complex type A (Scheme 2). By comparison with the ionic PF 6 complexes 12 and 14 the second signal pattern of 4, 6, 8, and 10 at δ = 10 -13 can be attributed to the ionic type B which for R = H appears as a mixture of two diastereoisomers. In accordance with this assignment for 4 only the ionic form B was detected in methanol solution ( Table 2 ).
All the 31 P signals of the rhodium complexes (Table 2) appear as doublets due to the 103 Rh-31 P coupling. Our assignment of the 31 P NMR signals of the rhodium complexes is shown in Table 2 . Three types of complexes A -C can be recognized (Scheme 2). For 3, 7, and 9 four isomers could be observed in solution. The 31 P NMR signal of 3, 7, and 9 at δ = 30 (Table 2) is comparable with that of Cp*Rh(Cl) 2 (Ph 2 PCl 2 CH 2 NEt 2 ) [15] . Another example for this type A, which cannot form diastereoiso- mers, is Cp*Rh(Cl) 2 CNR [16] . The signal at δ = 72 for 3, 7, and 9 could not be assigned. The single 31 P NMR signal for 24 can be explained by a large difference of the solubility of the two diastereoisomers leaving only one of these in solution. The ionic species (type B) of 1, 3, 5, 7, 9, 11, 13, 15, 16, 18, 19, 21, 23 show 31 P NMR signals at δ = 35 -40 (Table 2 ). An exception is complex 1, the glycine derivative, which occurs both in CDCl 3 and CH 3 OH solution as a single isomer for which we assume the neutral 20 electron pentacoordinated structure C.
The complexes of type B with P-N chelating ligands again appear as two diastereoisomers with the exception of the phenylalanine derivative 15 for which only one doublet signal could be detected suggesting the formation of a single isomer in solution. This finding may be explained by Brunners "β -phenyl effect" [17] , i. e. the interaction of the cyclopentadienyl ring with the phenyl group. In the 1 H NMR spectrum of the glycine derivatives 1, 2, 11, and 12 the signals of the α-CH 2 group are characteristic for coordination of the P-N Schiff bases. Whereas for 1 a CH 2 singlet is observed, AB spin systems are found for the diastereotopic α-CH 2 protons in the P-N chelate ligand in 2, 11, and 12. For the complexes 13, 14, 16, 17, 19, 20, 21 , and 23 two sets of 1 H NMR signals were detected, due to the two diastereoisomers. Also in the 13 C NMR spectra of 19 and 20 two sets of signals were observed. The solid-state structure of 15 was determined by X-ray diffraction. Crystals of 15 were obtained by layering a concentrated CH 2 Cl 2 solution of 15 with n-hexane. The "three-legged piano stool" structure of 15 is shown in Fig. 1 
Experimental Section
The complexes [Cp*M(Cl)(µ-Cl)] 2 (M = Rh, Ir) [10] and 2-(diphenylphosphino)benzaldehyde [3] were prepared as described. Unless otherwise noted the NMR spectra were recorded with a Jeol GSX-270 spectrometer.
Neutral complexes 1 -10
Example complex 2: [Cp*IrCl 2 ] 2 (159 mg, 0.2 mmol) and 2-(diphenylphosphino)benzaldehyde (160 mg, 0.43 mmol) in benzene (10 mL) were heated under reflux for 75 min. The mixture was allowed to cool to r. t. and layered with n-hexane (3 mL). After 12 h the precipitate was isolated, washed twice with diethyl ether (10 mL each) and dried in vacuo at 60 • C. 
Monocationic complexes 11 -17
Example 12: To the orange solution of complex 2 (40 mg, 0.05 mmol) in methanol (3 mL) a cold, aqueous solution, saturated with NH 4 PF 6 , was added dropwise until the solution over the precipitate turned colorless. The precipitate was washed four times with water (8 mL each). After drying over P 2 O 5 the product was washed with diethyl ether (5 mL) and recrystallized from CH 2 Cl 2 / O(C 2 H 5 ) 2 . Analogous procedures were used for the preparation of complexes 11 and 13 -17. CCDC 766179 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
